Leptin, an adipocyte-derived hormone, provides integration of peripheral and central components that regulate body weight, food intake, and ingestive behavior.
Obesity, anorexia nervosa and bulimia nervosa are Our understanding of the system responsible for the regulation of body weight and energy balance as well prevalent disorders that account for a major fraction of morbidity and mortality in Western countries. 1 This as the interactions of this system with other neuroendocrine systems has been greatly advanced by the fact, in association with the prevailing idea in Western cultures that slimness reflects the perfect body image, recent discovery of the product of the ob gene, now called leptin (from the Greek word leptos: thin). 4 This has led to an incredible intensification of dieting by an increasing percentage of the population. 2 However, hormone is secreted exclusively by the adipose tissue in a pulsatile fashion, 5 circulates bound to specific weight loss is only temporarily effective for the vast majority of obese people who attempt to lose weight binding proteins 6 and its circulating levels reflect the amount of energy stored as fat. 7 In addition to being by dieting, since most obese individuals tend to eventually return to or even exceed their initial body influenced by the size of adipose tissue, leptin mRNA expression and circulating concentrations are upregulweight. This frequently leads to repeated periods of weight cycling and increased final body weight of ated by the CCAAT/enhancer binding protein (CEBP), by insulin, glucocorticoids and several cytokines (IL-1, obese persons. In contrast to the above, the socioculturally triggered focus on dieting has also been traditionTNFa), 8 while beta adrenergic agents and cAMP appear to have the opposite effect. 9, 10 Furthermore, a chronic ally considered as one of the causes contributing to the increasing prevalence of eating disorder syndromes increase in caloric intake results in elevated leptin concentrations whereas both leptin expression and circulsuch as anorexia and bulimia nervosa, conditions that are frequently associated with binge eating. 2 To explain ating concentrations decline rapidly in response to starvation. 11, 12 The leptin receptor gene, that has been why the responsiveness of obese and nonobese people to dieting and weight loss and binge eating differs, the recently cloned and sequenced, encodes five leptin receptor isoforms, the long isoform being the one cur-'set point' model for the regulation of energy homeostasis was proposed in the early 1970s on the basis of rently thought to convey most of leptin's biological actions. 13 Binding of leptin to the long isoform of its empirical observations derived from studies on restrained eaters. 3 According to this model, each perreceptor in the hypothalamus activates the JAK-STAT pathway for signal transduction and conveys inforson has an individually determined, homeostatically defended 'set point' that regulates body weight. 3 Intermation on the amount of energy stores, regulates hypothalamic centers that decrease food intake, increase estingly, it has also been argued that this 'set point' is determined by the number of fat cells in one's body, energy expenditure, motor activity and thermogenesis and affect several neuroendocrine mechanisms and which, in turn, is dependent on genetic factors and early nutritional experiences. 3 Thus, most obese hypothalamic-pituitary-peripheral axes. More specifically, we have shown that the starvationpeople who attempt to lose weight, try to suppress their weights below their 'set points'. 3 As a result, induced neuroendocrine changes, including activation of the hypothalamic-adrenal axis and suppression of many people considered obese by societal standards may be below their 'set points' when they are on a diet the hypothalamic-thyroid and gonadal axes are at least in part leptin-mediated in rodents. 11 In addition, in and could actually be starving according to biological criteria. 3 This 'biological deprivation' could in turn vitro experiments have recently shown that leptin inhibits hypoglycemia-induced corticotropin releasing lead not only to neuroendocrine abnormalities but also to a number of behavioral consequences (see below). 14 Finally, we have recently shown that leptin pulsatility is inversely related to that of ACTH and cortisol in humans. 5 Thus, it appears that leptin regulates the Moreover, leptin appears to alter the function of the ever, detailed clinical characterization of these individuals remains to be performed and the efficacy of hypothalamic-pituitary-gonadal axis. Both in vitro and in vivo data have demonstrated that leptin regulates exogenous leptin administration in reversing their obesity remains to be demonstrated. In contrast to these LHRH secretion by hypothalamic explants and LH secretion by pituitary cells and that leptin may have individuals, however, obesity in the vast majority of overweight individuals appears to be a state of leptin an additional peripheral role by acting at the level of the ovaries. 15 In vivo experiments have shown that resistance. 7 Thus, obese individuals have high concentrations of circulating leptin to compensate for their exogenous leptin administration to infertile ob/ob mice, that lack endogenous leptin, corrects their inferleptin resistance and regulate energy balance. Notably, however, the exact site of leptin resistance in humans tility and that exogenous leptin administration to normal prepubertal mice accelerates the onset of remains unknown. Obese humans have been shown to have relatively low cerebrospinal fluid (CSF) leptin puberty. 16 Moreover, we have shown that a rise of endogenous circulating leptin concentrations precedes concentrations and a decreased CSF to serum leptin ratio, indicating that, in addition to other potential the onset of puberty in normal boys, indicating that leptin may be the factor that triggers the onset of defects at the level of the receptor or postreceptor transducing mechanisms, saturation of the leptin transpuberty in humans. 17 Finally, recent data published in Molecular Psychiatry suggested that adequate concenport system across the blood-brain barrier (BBB) may be responsible for the apparent leptin resistance that trations of circulating leptin are necessary not only for the initiation but also for the maintenance of normal underlies human obesity. 12 This finding made us focus on the CSF and serum leptin concentrations of subjects menstrual function in women suffering from eating disorders. 18, 19 In conclusion, it appears that leptin reguat the other end of the spectrum, ie patients with anorexia nervosa. Interestingly, although both serum and lates important neuroendocrine functions in animals and humans.
CSF leptin concentrations are appropriately lower and positively associated with the BMI of patients with The role of leptin that has attracted even more attention, however, is the regulation of the highly complex anorexia nervosa, we have recently shown that the CSF to serum leptin ratio is relatively high in the active system that controls energy balance, ie food intake and energy expenditure. This system requires the prostage of the disease. 22 Furthermore, patients with anorexia nervosa appear to normalize their low leptin concessing by the central nervous system (CNS) of a multitude of peripheral physiological signals, environmental centrations before their BMI returns to normal, a fact that may explain the clinically observed resistance of information and conditioned (learned) behavior. 20 Recent experimental evidence suggests that leptin is an patients with anorexia nervosa to gain weight. 22 It remains to be clarified, however, whether altered leptin integral part of this system since this hormone is the signal that informs the brain about the amount of transport through the BBB is inherent in subjects predisposed to develop anorexia nervosa and plays a prienergy stored as fat as well as about changes in caloric intake (overfeeding vs starvation). Changes in leptin mary role in the pathogenesis of the disease or whether altered leptin transport is a secondary epiphenomenon concentrations result in altered expression of classical (dopamine, serotonin, norepinephrine, NPY, CRH) or of weight loss. 22 Finally, dieting is another condition where leptin novel neuropeptides (urocortin, melanin-concentrating hormone) that regulate food intake and energy expenconcentrations are clearly decreased. Acute starvation results in a sharp decline of circulating leptin which diture, and thus, energy balance. 20 The fact that these neurotransmitters regulate several aspects of behavior is out of proportion to changes of body fat. Thus, it has been suggested that this fall in serum leptin could be in addition to energy balance, has led to the hypothesis that dysregulation of the leptin system may contribute responsible for the documented decrease in energy expenditure that accompanies weight loss 22, 23 and that to the pathophysiology of disease states such as obesity and eating disorders. This hypothesis has been the falling leptin concentrations could account for the clinically observed difficulty obese individuals face focus of intensive research efforts over the past 2 years.
What have we learned during the last 2 years about when attempting to lose weight. Moreover, relatively low leptin concentrations were recently demonstrated leptin's role in obesity and eating disorders? Immediately following the discovery of leptin, this hormone to precede weight gain in Pima Indians, indicating that leptin concentrations that are inappropriately low for was produced using recombinant technology and was subsequently administered to animal models of obesthe degree of adiposity may play a role in the pathogenesis of obesity possibly through an association with ity. The dramatic effects of leptin administration to the leptin-deficient ob/ob mice raised hopes that obesity in decreased energy expenditure. 23 Thus, it appears that the human body may be humans might also be a leptin-deficient state. In this regard, two reports have suggested a linkage of the employing leptin as a defence mechanism that acts to maintain a 'set point' in terms of energy balance and human leptin (ob) gene with extreme adiposity, indicating that a small percentage of human obesity could body size, a notion that clearly reminds us of the 'set point' hypothesis for the regulation of energy homeobe due to either leptin deficiency or abnormal production. Indeed the first two subjects with mutations stasis and responsiveness to dieting set forth in the early 1970s to explain experimental data derived from future weight gain. 23 Finally, it appears that ovarian studies on restrained eaters (see above). Could then the dysfunction and menstrual irregularities occur more theoretical concept of restrained eating be associated frequently in female restrained eaters. 27 Both animal with dysregulation of leptin concentrations? Moreover, and human studies have demonstrated that leptin could abnormal leptin concentrations be the missing plays an important role in maintaining normal reprolink responsible for the association among restrained ductive function and that decreased leptin conceneating, changes of absolute levels and pulsatility of trations can cause reproductive dysfunction (see hypothalamic neuropeptides and the various clinical above). Thus, low leptin concentrations, either acting manifestations that accompany restrained eating? In directly on peripheral organs, or acting through affectthis issue of Molecular Psychiatry, S von Prittwitz et al ing neuroendocrine mechanisms in the hypothalamus present data demonstrating for the first time a negative could be responsible for the diverse array of clinical relationship between the leptin system and restrained manifestations associated with restrained eating. eating as assessed by a psychometric scale, the ThreeImportantly, it has been proposed that the manifesFactor Eating Questionnaire (TFEQ). 24 More specifitations of restrained eating could be caused by an effect cally, this study demonstrates an independent negative of various 'stressors' (physiological, psychological and association between leptin concentrations and cogninutritional) on the levels and pulsatility of hypothaltive restrained scores in underweight women but not amic neuropeptides, including corticotropin releasing men. As with any study, validation of these data hormone (CRH) and luteinizing hormone (LH). 27, 28 should be performed by an independent group who Although the exact underlying mechanism remains to will hopefully replicate these results in a different be fully elucidated, leptin appears to be a perfect canpopulation and/or setting. Additionally, since this is a didate for mediating these effects and being a potential cross-sectional study, the direction of causality has to molecular link between restrained eating, hypothalbe further elucidated using an experimental design, but amic neuropeptide dysregulation and associated clinithis will probably have to wait until recombinant cal manifestations. human leptin becomes available for physiological
The role of leptin in mediating these changes is curstudies.
rently directly testable at both the in vitro and in vivo Despite these constraints, however, the present study levels in amimals. However, direct testing of the above raises a number of intriguing questions that may soon hypotheses in humans will await availability of recombecome the focus of further important research in the binant human leptin for clinical studies, something field. Individuals with high scores on the TFEQ, probthat is expected to happen within the next year. In ably the best tool available for the assessment of addition to advancing our theoretical knowledge on restrained eating, perceive that they are always conleptin physiology in humans, these studies are also sciously limiting their food intake and that they rarely expected to have important implications in the therapy 'give in' and eat as they please. Psychometrically of obesity. Dieting has been a common, albeit unsucdefined restrained eaters consume less energy, take cessful in the long term, method for treating obesity. fewer meals and show higher preferences for low calMost of the experimental data on the relationship orie foods in comparison to unrestrained eaters, 2 between dieting and overeating stem from studies perdespite a relative body weight which is frequently formed within the concept of restrained eating. 2 Thus, higher than in controls. Moreover, restrained eaters it is possible that the low leptin concentrations that have a lower energy expenditure than unrestrained accompany restrained eating may be responsible for females of similar lean body mass. 6 As mentioned both the decreasing energy expenditure and the overabove decreased food intake would result in a decrease eating that almost invariably follows periods of dieting of leptin concentrations. Since leptin has been recently of obese humans. If this is indeed the case, could a suggested to be the hormone that regulates energy combination of dieting with exogenous leptin adminisexpenditure, could the decreased leptin concentrations tration (in doses enough to normalize circulating leptin of restrained eaters be directly responsible for their concentrations) restore energy expenditure and prevent decreased energy expenditure? This intriguing possiovereating and subsequent weight gain? This potential bility remains to be fully elucidated by future studies. treatment method for obesity will be readily testable as Dietary restraint has also been associated with future soon as leptin becomes available for clinical use. Furweight gain in women but not in men in a prospective thermore, confirmation of the negative association study. 8 In this regard, it is interesting that restrained between TFEQ scores and leptin concentrations may scores in this study are negatively associated with lepprovide a useful tool for the assessment and monitoring tin concentrations in women but not in men. 24 Furtherof restrained eating for these or similar studies. more, it has been previously shown that restrained eatIn summary, leptin emerges as a hormone that may ing, especially when coupled with high disinhibition not only control food intake and energy expenditure (the tendency to eat more when it is perceived that but may also regulate neuroendocrine function and cerrestraint has failed to control food intake) has been tain aspects of human behavior. Moreover, falling lepassociated with binge eating 3, 27 and may lead to weight tin concentrations may contribute to the pathophysiolcycling and weight gain. 26, 27 Again, as mentioned ogical implications of restrained eating and binge above, decreased leptin concentrations in a population of Pima Indians have been shown to be a predictor of
eating. An exciting period of research on leptin physi-
